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(54) Two-stage fluid medicament jet injector 

(57) A jet injector, and a method, for injecting fluid 
medicament into a patient in a two-stage process. Dur- 
ing the first stage fluid is expelled from the injector under 
relatively high pressure, to create a hole through the skin 
of the patient. During the second stage, fluid is infused 
through the hole into the patient at a much lower pres- 
sure, and for a much longer period of time. The jet in- 
jector includes a syringe unit, and a drive mechanism 
which is selectively connectable with the syringe unit. 
Specifically, the drive mechanism includes two springs 
which are positioned to urge against a push rod as they 
elongate. When the drive mechanism is engaged with 
the syringe unit, the push rod is positioned longitudinally 



co-linear with a plunger in the chamber. When the 
springs are released, they push the push rod which, in 
turn, pushes the plunger, causing the fluid to be expelled 
through an injection tube connected to the chamber. The 
syringe unit also includes a suction compartment for 
pulling the skin against a syringe tip at the end of the 
injection tube. To prepare the injector, the chamber of 
the syringe unit is filled with a fluid medicament, the drive 
mechanism is cocked, and the syringe unit is engaged 
with the drive mechanism. A vacuum source is then con- 
nected in fluid communication with the suction compart- 
ment. The syringe tip and the opening to the suction 
compartment are then pressed against the skin, and the 
injector is activated. 
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Description 

FIELD OF THE INVENTION 

The present invention pertains generally to medical 
devices and methods for using them. More particularly, 
the present invention pertains to devices and methods 
for administering medical injections. The present inven- 
tion is particularly, but not exclusively, useful as a 1wo- 
stage fluid medicament jet injector for automatically in- 
jecting a fluid medicament into a patient. 

BACKGROUND OF THE INVENTION 

Subcutaneous and intramuscular delivery of medi- 
caments by injection are common in the medical arts. 
Examples of medical conditions that require frequent in- 
jections include diabetes, female infertility, AIDS, treat- 
ment of growth retardation in children, hepatitis, multiple 
sclerosis, migraine headaches, and allergic reactions. 
Traditionally, the medication for these and other ail- 
ments has been injected via a needle that punctures the 
skin of the patient. In many of these instances, the 
parenteral drugs are self-administered. For self-admin- 
istorod drugs it is particularly desirable that the injection 
be easily accomplished. Further, for circumstances re- 
quiring inoculations of a large number of persons, such 
as is often the case in the military services, it is also 
desirable that the inoculations be accomplished easily. 

Despite the availability of fine gauge needles, many 
patients dislike needle injections due to pain, fear, and 
nervousness over needles. Additionally, practice has in- 
dicated there are serious risks related to needle injec- 
tions. For example, blood-borne pathogens, such as 
HIV and hepatitis, can be transmitted to health care 
workers by accidental needle-sticks. Specific environ- 
ments which have an exceptionally high risk of acciden- 
tal needle-sticks include emergency rooms, county hos- 
pitals, and sites of mass immunizations. From these 
sources, hundreds of thousands of accidental needle- 
sticks are reported annually in the United States. The 
consequence is billions of dollars in annual costs due to 
the treatment of medical complications, testing and oth- 
er related costs. Additionally, needle injectbns generate 
costs associated with the reguiatorily required disposal 
of biohazardous sharps. For all of these reasons, there 
is a need for needle-free injection systems. 

In efforts to minimize the fears, risks, and costs as- 
sociated with needle injectbns, several types of needle- 
free jet injectors have been developed. Typically, such 
jet injectors expel all of their fluid medicament in a 
stream that is directed at a very high velocity. This high 
volocity stream accomplishes two task6. First, duo to its 
high velocity, the stream of fluid medicament is able to 
pierce a hole in the skin of the patient. Secondly, the 
stream injects the medicament through the hole into the 
patient. 

Practice has indicated that existing needle-free jet 



injectors have several shortcomings. Most significantly, 
existing jet injectors have proven to be somewhat un- 
satisfactory due to side effects such as pain, bruising, 
and lacerations. These problems with existing injectors 
s are largely caused by the high velocity at which the med- 
icament is expelled into the patient throughout the injec- 
tion process. Additionally, the strong contact that is re- 
quired between the jet injector and the skin can contrib- 
ute to bruising. Furthermore, movement of the injector 
to during the injection process can cause lacerations. Also, 
with existing jet injectors, the high velocity at which the 
medicament is infused often causes undesirable painful 
enlargement of the hole in the skin of the patient during 
infusion of the medicament. In sum, practice has indi- 
cated that many patients desire a less painful injection 
than is currently available with existing jet injectors. 

In addition to the difficulties noted above, the high 
velocity at which a medicament is infused by present jet 
injectors can also result in imprecise regulation of the 
20 depth of penetration of the medicament. For some pa- 
tients this means the delivery of medicament may be 
directed into muscle tissue rather than into the subcu- 
taneous tissue. If so, this may be undesirable if it leads 
to unpredictable drug absorption kinetics. Further, exist- 
25 jng jot injectors have also proven to be inadequate duo 
to incidents of incomplete drug delivery, and difficulty of 
use. In particular, incomplete drug delivery is often as- 
sociated with uneven pressure between the skin and the 
injector during the injection. 
30 Existing jet injectors with reusable syringes have 
additional shortcomings. For example, transmission of 
blood-borne pathogens is a risk associated with reusa- 
ble syringes. Further, periodic disinfection of reusable 
syringes is an inconvenient necessity. 
35 in light of the above, it is an object of the present 
invention to provide a needle-free medicament jet injec- 
tor. Another object of the present invention is to provide 
a jet injector that administers an injection with minimal 
pain to the patient. Still another object of the present 
40 invention is to provide a jet injector that infuses the med- 
icament into the patient at a lower velocity than existing 
jet injectors, so as to prevent harmful compression and 
damage to tissue, as well as to control the depth of the 
injection. It is still another object of the present invention 
45 to provide a jet injector with a stable skin to syringe in- 
terface to maintain consistent pressure between the 
skin and the syringe, and to prevent .movement of the 
syringe relative to skin at the injection site during the 
injection. Yet another object of the present invention is 
50 to provide a jet injector with a disposable, replaceable, 
single-use syringe. Yet another object of the present in- 
vention is to provide a fluid medicament jet injector 
which is relatively simple to manufacture is relatively 
easy to use, and is comparatively cost effective. 

55 

SUMMARY OF THE INVENTION 

The two-stage jet injector of the present invention 
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includes, in combination, a syringe unit, a drive mecha- 
nism for advancing the syringe plunger in a two-stage 
sequence, and a suction compartment which surrounds 
an injection tube of the syringe. In accordance with the 
present invention, these components allow the jet injec- 5 
tor to consistently repeat a fluid medicament injection 
procedure which is efficient and which causes minimal 
pain to the recipient. 

The syringe unit for the jet injector of the present 
invention is formed with a chamber for holding a fluid io 
medicament. It also has a plunger which expels the fluid 
medicament from the syringe chamber as the plunger 
is advanced into the chamber. More specifically, as the 
plunger is advanced into the chamber, fluid medicament 
is expelled from an orifice in a syringe tip at the end of is 
an elongated injection tube that extends in fluid commu- 
nication from the chamber. The syringe tip itself is ta- 
pered to generally form a point around the orifice. Addi- 
tionally, the syringe includes a hollow cylindrical shaped 
skirl which is allached to the chamber lo extend there- 20 
from and surround the injection tube. The extended end 
of the skirt then forms an opening surrounding the sy- 
ringe tip. A suction compartment is thus established be- 
tween the skirt and the injection tube, and this compart- 
ment will be closed whenever the opening to the suction 25 
compartment is covered. In order to create a partial vac- 
uum in the suction compartment, a suction port is 
formed in the syringe unit, in fluid communication with 
the suction compartment. A vacuum source can then be 
selectively connected with the port to create a partial 30 
vacuum within the compartment. As indicated above, 
the syringe is selectively connectable with the drive 
mechanism. 

For the present invention, the drive mechanism in- 
cludes a push rod which is positioned longitudinally co- 35 
linear with the plunger of the syringe, when the syringe 
unit is operabiy connected to the drive mechanism. Ac- 
cordingly, advancement of the plunger into the syringe 
chamber is caused by movement of the push rod. In ac- 
cordance with the present invention, the push rod is driv- *o 
en by two separate springs, which are engaged with the 
push rod, and which are coaxially positioned around the 
push rod. Specifically, the first of the two coaxial springs 
is an impulse spring which is characterized by a rela- 
tively high spring constant and the fact that it is dimen- 45 
sioned to have a relatively short action distance. In com- 
parison with the first spring, the second spring, a per- 
fusion spring, has a lower spring constant and a longer 
action distance. 

Initially, during acceleration of the push rod, both the so 
impulse spring and the perfusion spring push on the 
push rod. However, it is primarily the force of the impulse 
spring that accelerates the push rod. Tho impulse spring 
expands until the impulse spring is restrained by a 
spring stop. After the impulse spring is stopped from ex- ss 
panding, the push rod continues moving through a coast 
distance, until the push rod collides with the plunger. As 
a result of this collision, the momentum of the push rod 



causes the plunger to accelerate very rapidly. This rapid 
advancement of the plunger is referred to as the impulse 
stage, and is the first of two stages of advancement of 
the plunger. The impulse stage is very brief, and lasts 
less than about five milliseconds (.005 second). Due to 
the rapid advancement of the plunger during the impulse 
stage, the fluid is expelled through the injection tube and 
out the syringe tip under relatively high pressure. It hap- 
pens that this high pressure creates a hole in the skin. 

After the impulse stage, the perfusion spring con- 
tinues to expand and push against the push rod. The 
result is a second stage, referred to as the perfusion 
stage. During, the perfusion stage, the perfusion spring 
exerts a much smaller force against the push rod and 
plunger than the force which was exerted on the plunger 
during the impulse stage. Accordingly, fluid medicament 
is expelled from the syringe chamber at a much lower 
pressure and at-a much lower rate than during the im- 
pulse stage. Theduratbn of the perfusion stage'is much 
longer than the duration of the impulse stage, and can 
last as long as five seconds, or longer. During the per- 
fusion stage, fluid medicament is allowed to slowly infil- 
trate into tissue in the subcutaneous pocket. 

In the operation of the present invention, the two- 
stago jet injector is first prepared for injection. One stop 
in this preparation is the cocking of the drive mecha- 
nism. When the drive mechanism is cocked, both of the 
coaxial springs are compressed to thereby store the po- 
tential energy that is necessary for subsequent opera- 
tion of the jet injector. Further, the cocking operation also 
positions the push rod against both of the compressed 
springs. As so positioned, the push rod is ultimately able 
to receive energy from the springs as they elongate 
when the jet injector is activated. Another step in pre- 
paring the jet injector requires the engagement of the 
drive mechanism with a syringe that is filled, or is to be 
filled, with fluid medicament. As stated above, this en- 
gagement positions the push rod longitudinally co-linear 
with the plunger. Finally, a vacuum source is connected 
in fluid communication with the suction compartment of 
the syringe. The jet injector is thus prepared for giving 
an injection to a patient. 

To give an injection with the jet injector of the 
present invention, the syringe tip is placed against a 
point on the patient's body selected by the operator. Be- 
cause the skin around this point covers the opening to 
the suction compartment around the syringe tip, the suc- 
tion comparlmenl becomes enclosed. Consequently, 
with the syringe tip in place against the patient's body, 
a partial vacuum is created in the syringe compartment 
by the vacuum source. This partial vacuum causes the 
skin across the opening to be drawn into the suction 
compartment, thereby establishing a subcutaneous 
pocket around the syringe tip. The jet injector is then 
activated to inject the fluid medicament into the patient 
in th.e two-stage process as described above. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of this invention, as well as the 
invention itself, both as to its structure and its operation, 
wifl be best understood from the accompanying draw- 
ings, taken in conjunction with the accompanying de- 
scription, in which similar reference characters refer to 
similar parts, and in which: 

Figure 1 is a generalized view of the two-stage fluid 

medicament jet injector of the present invention in 

its operative environment; 

Figure 2 is a perspective view of the two-stage fluid 

medicament jet injector of the present invention 

showing the syringe unit engaged with the drive 

mechanism; 

Figure 3 is a cross-sectional view of the syringe unit 
of the present invention as would be seen along the 
line 3 - 3 in Figure 2, but with the syringe unit sep- 
arated from the drive mechanism; 
Figure 4 is a cross-sectional view of the head of the 
syringe unit of the present invention as would be 
seen along the line 3 - 3 in Figure 2; 
Figure 5 is a cross-sectional view of the two-stage 
fluid medicament jot injector of the present inven- 
tion as would be seen along the line 3 - 3 in Figure 
2, with the drive mechanism cocked, and the skin 
area pressed against the opening to the suction 
compartment prior to operation of the injector; 
Figure 6 is a cross-sectional view of the injector as 
shown in Figure 5, with the impulse spring fully ex- 
tended after initial acceleration of the push rod; 
Figure 7 is a cross-sectional view of the jet injector 
as shown in Figure 5, during the impulse contact of 
the push rod against the syringe plunger. 
Figure 8 is a cross-sectional view of the jet injector 
as shown in Figure 5, after delivery of the medica- 
ment has been completed; and 
Figure 9 is a graph depicting the force with which 
the fluid medicament is expelled from the jet injec- 
tor, plotted as a function of time. 

DESCRIPTION OF THE PREFERRED EMBODIMFNT 

Referring initially to Figure 1 , a two-stage fluid med- 
icament jet injector, also referred to as the apparatus, in 
accordance with the present invention is shown in its 
operative environment and is generally designated 10. 
As intended for the present invention, in order to admin- 
ister an injection to a patient 1 2, the injector 1 0 is simply 
positioned against the patient 12 much like an ordinary 
manually operated syringe. Specifically, a syringe unit 
14 of the jet injector 10 is pressed against a skin area 
16 of the patient 12. Unlike an ordinary manually oper- 
ated syringe, however, after being activated the injector 
10 of the present invention automatically infuses a fluid 
medicament 18 into the patient 12. 

Referring to Figure 2, it can be seen that the jet in- 
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jector 10 includes the syringe unit 14, and a drive mech- 
anism 20. The syringe unit 14 is detachable from the 
drive mechanism 20, and can be secured to the drive 
mechanism 20 with a connecting hub 22 of a type well 
5 known in the pertinent art such as threads. It will be fur- 
ther appreciated by the skilled artisan that the detacha- 
bility of the syringe unit 1 4 facilitates one-time use of the 
syringe unit 14 and repeated usage of the drive mech- 
anism 20. Such one-time use greatly reduces the risk of 
io transmission of blood borne pathogens, and eliminates 
the need to disinfect the syringe unit 14 after adminis- 
tration of an injection. 

Referring now to Figure 3, the syringe unit 14 is 
shown separated from the drive mechanism 20. It can 

*5 be seen that the syringe unit 14 includes a head 24, a 
chamber 26 for holding the fluid medicament 18, and a 
plunger 28. The plunger 28 is slidably disposed in the 
chamber 26. As will be appreciated by the skilled arti- 
san, during administration of an injection, the plunger 

20 28 is advanced into the chamber 26 to expel fluid med- 
icament 18 from the chamber 26. The plunger 28 has a 
seal 30, to prevent the fluid medicament 18 from escap- 
ing around the outside of the plunger 28, so as to main- 
tain the pressure on the fluid medicament 18 in the 

25 chambor 26. Tho seal 30 can bo an "o-ring" made of 
rubber or other elastic material, or the seat 30 may be 
molded as an integral part of the plunger 28. 

Still referring to Figure 3, the drive mechanism 20 
can be seen to include a housing 32. which includes a 

30 syringe holder 33. A push rod 34, which is slidably dis- 
posed on the housing 32, can also be seen. Guide 36 
guides the movement of the push rod 34, so that the 
longitudinal axis of the push rod 34 remains parallel to 
the longitudinal axis of the drive mechanism 20. The 

3B drive mechanism 20 can be seen to also include an im- 
pulse spring 38 and a perfusion spring 40. Both the im- 
pulse spring 38 and the perfusion spring 40 are posi- 
tioned between the housing 32 and the push rod 34. The 
springs are also located coaxially around the push rod 

40 34, with one end of the springs abutting against the 
guide 36. 

The drive mechanism 20 also includes a trigger 42 
which is hingably mounted on the housing 32. When the 
push rod 34 is pushed towards the back wall 44 of the 

45 housing 32, a collar 46 of the push rod 34 pushes 
against the perfusion spring 40, and the collar 46 also 
pushes against a sliding guide ring 48 which abuts an 
end of ihe impulse spring 38. The sliding guide ring 48 
is formed so that it surrounds but does not contact the 

50 perfusion spring 40. When the push rod 34 is pushed 
towards the back wall 44 of the housing 32, the perfusion 
spring 40 is compressed between the collar 46 and a 
face 50 of tho guide 36, and tho impulse spring 38 is 
compressed between the sliding guide ring 48 and the 

55 face 50 of the guide 36. At this point it is noted that a 
middle portion of the impulse spring 38 has been re- 
moved from the Figure for clarity. When the springs 38, 
40 are compressed, a latch 52, which is hingably con- 



EP 0 879 609 A2 



>iSDOCID: <EP 0879e09A2..t_> 



4 




7 

nected to the housing 32, can be engaged with a catch 
54 of the push rod 34 to hold the push rod 34 in a cocked 
configuration. For purposes of disclosure, When the 
push rod 34 is in this cocked configuration, it will be dis- 
cussed as being in a first position, with an end 56 of the 
push rod 34 located a first distance 58 from the face 50 
of the guide 36. 

Still referring to Figure 3, it can be seen that the 
drive mechanism 20 also includes a trigger arm 60 
which is connected to the trigger 42. The trigger arm 60 
is used to release the push rod 34 from the trigger 42. 
Specifically, when the trigger arm 60 is moved towards 
the housing 32, a cross member 62 of the trigger arm 
60 pushes the latch 52 of the trigger 42 out of contact 
with the catch 54 of the push rod 34. This frees the push 
rod 34 to be moved by the force of the compressed 
springs 38, 40. The drive mechanism 20 can be seen in 
a cocked configuration in Figures 3 and 5 : and with the 
push rod 34 released from the trigger 42 in Figures 6, 7 
and 8. 

Referring now to Figure 4, details of the head 24 of 
the syringe unit 14 can be seen. It can be seen that the 
chamber 26 is formed with an aperture 64, and that a 
first end 66 of an injection tube 68 is connected in fluid 
communication with the aperture 64. A lumen 70 in the 
injection tube 68 extends between the first end 66 and 
a second end 72 of the injection tube 68 to establish fluid 
communication between the chamber 26 and the sec- 
ond end 72 of the injection tube 68. The syringe unit 14 
is also formed with a syringe tip 74 having an orifice 76, 
which is in fluid communication with the second end 72 
of the injection tube 68. The orifice 76 is circular, and 
the orifice 76 has a diameter 77 that is smaller than the 
diameter 81 of the injection tube 68. The diameter 77 of 
the orifice 76 can range from about three thousands of 
an inch (.003 inch) to about fifteen thousandths of an 
inch (.015 inch), and is preferably about eight thou- 
sandths of an inch (.008 inch). It will be appreciated by 
the skilled artisan that orifice 76 shapes other than cir- 
cular can also be used. It will also be appreciated that 
when the plunger 28 pushes the fluid medicament 18 
into the injection tube 68, the comparatively smaller di- 
ameter of the orifice 76 greatly increases the pressure 
with which the fluid medicament 18 is expelled from the 
syringe tip 74. Additionally, it can be seen that the sy- 
ringe tip 74 has a crown 78, and that the syringe tip 74 
is tapered, to reduce a outer diameter 79 of the crown 
78. The diameter 79 of ihe crown 78 can range from 
about thirty thousandths of an inch (.030 inch) to about 
forty-five thousandths of an inch (.045 inch). It will be 
appreciated by the skilled artisan that tapering the sy- 
ringe tip 74 and thereby reducing the diameter 79 of the 
crown 78 facilitates maintaining a tight intorfaco bo- 
tween the orifice 76 and the skin area 16, when the skin 
area 1 6 is pulled against the syringe tip 74, without hav- 
ing to push the syringe tip 74 firmly into the skin area 
16, which can cause both pain and tissue damage. 

For the present invention it is important to note that 
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the syringe unit 1 4 is also formed with a generally cylin- 
drical shaped skirt 80 which encircles the syringe tip 74 
and which is generally coaxial therewith. Specifically, 
the skirt 80 defines a potential suction compartment 82 
5 in the syringe unit 1 4. Further, the suction compartment 
82 has an opening 84 which encircles the syringe tip 74 
(or the aperture 64 in an alternative embodiment). A di- 
ameter 85 of the opening 84 to the suction compartment 
82 can range from about four tenths of an inch (.4 inch) 
io to about seven tenths of an inch (.7 inch), and is prefer- 
ably about one-half of an inch (.5 inch). In order to es- 
tablish a suction in the suction compartment 82, a suc- 
tion port 86 is formed in the head 24 for connecting a 
suction connector 88 and vacuum source 90 (shown in 
>5 Figure 2) in fluid communication with the suction com- 
partment 82. In this embodiment, the suction port 86 can 
be seen in Figure 3 to continue through the drive mech- 
anism 20, for the suction connector 88 to connect with 
the suction port 86 at the drive mechanism 20. Vacuum 
seal 92 can also be seen. Alternatively, the suction port 
86 can be contained completely within the head 24 of 
the syringe unit 14, with the suction connector 88 con- 
necting with the suction port 86, at the syringe unit 14, 
or at the connecting hub 22. It will be appreciated that 
a partial vacuum is created in the suction compartmont 
B2 when the vacuum source 90 is connected in fluid 
communication with the suction compartment 82, and 
the opening 84 to the suction compartment 82 is cov- 
ered. It will be appreciated by the skilled artisan that the 
vacuum allows for the creation of a seal between the 
skin area 16 and the syringe tip 74 without having to 
compress the skin area 1 6 and underlying tissue, which 
is associated with pain and tissue damage. It will be fur- 
ther appreciated that the tapered syringe tip 74 allows 
a tight seal between the syringe tip 74 and the skin area 
16 to be maintained with a lesser vacuum than would 
be required if the tip 74 were not tapered. It will be ap- 
preciated that the moderate vacuum pressure required 
avoids causing bruising or ruptures cutaneous blood 
vessels and minimizes patient discomfort. 

Referring now to Figure 5, the syringe unit 14 is 
shown engaged with the drive mechanism 20. The push 
rod 34 is shown in the first position, with the drive mech- 
anism 20*in a cocked configuration. It can be seen that 
when the syringe unit 14 is engaged with the drive mech- 
anism 20, the push rod 34 is aligned longitudinally co- 
iinear with the plunger 28. 

In Figure 5 the opening 84 in the suction compart- 
ment 82 of the syringe unit 1 4 is shown pressed against 
the skin area 16 of the patient 12, prior to establishing 
fluid communication between the vacuum source 90 
and the suction compartment 82. This configuration can 
bo compared to the configuration shown in Figure 6, in 
which the vacuum source 90 has been connected in fluid 
communication with the suction compartment 82. 

Referring to Figure 6, the skirt 80 and the opening 
84 in the suction compartment 82 of the syringe unit 14 
are shown pressed against the skin area 16 of the pa- 
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tient 1 2, after fluid communication has been established 
between the vacuum source 90 and the suction com- 
partment 82. It can be seen that the resulting partial vac- 
uum in the suction compartment 82 causes the skin area 
16 of the patient 12 to be drawn into the suction com- 5 
partment 82. The drawing of the skin area 16 in to the 
suction compartment 82 creates a subcutaneous pocket 
96, and also results in the skin area 16 being pulled 
against the orifice 76 of the syringe tip 74. It will be ap- 
preciated by the skilled artisan that the resulting seal 10 
between the skin area 16 and the syringe tip 74 enables 
the fluid medicament 18 to be slowly perfused into the 
subcutaneous pocket 96 without leakage. It will also be 
appreciated that the subcutaneous pocket 96 facilitates 
infusion of the fluid medicament 18. into the patient 12 is 
by creating a space for the fluid medicament 1 8 to infuse 
into. It will also be appreciated by the skilled artisan that 
drawing the skin area 16 into the suction compartment 
82 prevents movement of the syringe unit 14 relative to 
the skin area 16. This stable interface between the sy- 20 
ringe unit 14 and the skin area 16 prevents lacerations 
and tissue damage that can be caused by movement of 
the syringe unit 14. It will be further appreciated by the 
skilled artisan that the stable interface between the sy- 
ringe unit 14 and the skin area 16, together with adc- 2s 
quate pressure during delivery, helps to ensure com- 
plete medication delivery. It will be still further appreci- 
ated by the skilled artisan that pulling the'skin area 16 
against the orifice 76 of the syringe tip 74 facilitates cre- 
ation of a hole 98 through the skin area 16 during ad- 30 
ministration of the injection. The hole 98 is depicted in 
Figures 7 and 8. 

In order to minimize the size of the hole 98 and to 
gently infuse the fluid medicament 18 into the patient 
12, the jet injector 1 0 expels the fluid medicament 18 in 3S 
two stages. Delivery of the medicament 1 8 in two stages 
is facilitated by having different characteristics for the 
springs 38, 40. Accordingly, the impulse spring 38 is 
formed with a higher spring constant than the perfusion 
spring 40. This means that when the impulse spring 38 40 
and the perfusion spring 40 are both compressed, the 
impulse spring 38 pushes against push rod 34 with a 
greater force than the perfusion spring 40. The impulse 
spring 38 also has a shorter action distance than the 
perfusion spring 40. Additionally, the expansion of the 4S 
impulse spring 38 is limited by a stop 100. Consequent- 
ly, when the impulse spring 38 and the perfusion spring 
40 are bolh released from a compressed stale, the im- 
pulse spring 38 expands and pushes the push rod 34 a 
shorter distance than the perfusion spring 40. so 

When the push rod 34 is released from the cocked 
configuration shown in Figure 5, both the impulse spring 
38 and the perfusion spring 40 accolorato the push rod 
34 and move the push rod 34 from the first position 
shown in Figure 5, toa second position- shown in Figure ss 
6. However, because the impulse spring 38 pushes with 
a much stronger force than the perfusion spring 40, the 
impulse spring 38 primarily moves and accelerates the 



push rod 34 between the first and second positions, 
which is also referred to as the acceleration zone. It will 
be appreciated by the skilled artisan that other sources 
of motive force, such as a motor or solenoid, can be 
used to accelerate the push rod 34. When the springs 
38, 40 expand, the perfusion spring 40 pushes against 
the collar 46 of the push rod 34, and the impulse spring 
38 pushes against the sliding guide ring 48, which push- 
es the collar 46 of the push rod 34. The expansion of 
the impul.se spring 34 is stopped when the sliding guide 
ring 48 hits the stop 100. When the sliding guide ring 48 
reaches the stop 100, the push rod 34 is in the second 
position. When the push rod 34 is in the second position, 
as shown in Figure 6, the end 56 of the push rod 34 is 
a second distance 102 from the face 50 of the guide 36. 

Due-to the momentum of the push rod 34, and to a 
lesser extent due to the continued pushing by the per- 
fusion spring 40, the push rod 34 continues moving to- 
wards the plunger 28, after the expansion of the impulse 
spring 38 has been slopped. The end 56 of the push rod 
34 eventually collides with a base 1 03 of the plunger 28, 
creating a first force on the fluid medicament 18. When 
the end 56 of the push rod 34 pushes the base 1 03 of 
the plunger 28, the plunger 28 advances into the cham- 
ber 26, causing the fluid medicament 18 to be expelled 
from the orifice 76. 

As a result of the collision, the momentum of the 
push rod 34 is transferred to the plunger 28. The colli- 
sion causes a high velocity, short duration, impulse func- 
tion of the fluid medicament 18 to be expelled from the 
orifice 76, sufficient to create the hole 98 through the 
skin area 16. This high velocity jet of a minute amount 
of the fluid medicament 18 punctures the skin area 16 
of the patient 12, thereby creating the hole 98 through 
the skin area 16 of the patient 12. It will be appreciated 
by the skilled artisan that the hole 98 created by the brief, 
initial jet pressure is comparable to that of a fine gauge 
needle. This small hole 98 causes less pain than current 
injectors, which continue to enlarge the hole 98 as a re- 
sult of their rapid delivery of the remainder of the fluid 
medicament 1 8. It will also be appreciated by the skilled 
artisan that the depth of the hole 98 is a function of the 
force of the jet of the fluid medicament 18. It will be fur- 
ther appreciated that the force of the jet of the fluid med- 
icament 18 is a function of the characteristics of the 
springs 38, 40, the mass of the push rod 34, the distance 
that the impulse spring 38 is allowed to expand and 
thereby accelerate Ihe push rod 34, the cross-sectional 
area of the chamber 26, the cross-sectional area of the 
orifice 76, and the elastic properties of the plunger 28, 
among other factors. In the preferred embodiment the 
fluid medicament 18 is delivered to the subcutaneous 
tissue and not into muscle tissue, rosulting in consistent 
bioavailabilty and improved drug absorption predictabil- 
ity. In alternative embodiments, the depth of penetration 
of the fluid medicament.18 can be altered by adjusting 
the above-factors. Therefore, the depth of penetration 
can be extended if it is desired to inject the fluid medi- 
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cament 18 into muscle tissue. 

When the end 56 of the push rod 34 first contacts 
the base 103 of the plunger 28, the push rod is in a third 
position, in which the end 56 of the push rod 34 is a third 
distance 1 04 from the face 50 of the guide 36. The third 
distance 104 is shown in Figure 7 (however, the push 
rod 34 is shown in a fourth position in Figure 7). The 
distance that the end 56 of the push rod 34 travels be- 
tween the second position and the third position, is re- 
ferred to as the push rod coast zone distance 106, which 
is shown in Figures 6 and 7. It will be appreciated that 
the third distance 104, and the push rod coast zone dis- 
tance 106, are functions of the amount of fluid medica- 
ment 1B in the chamber 26, which determines the loca- 
tion of the base 1 03 of the plunger 28. In less than about 
five milliseconds (.005 second) after the end 56 of the 
push rod 34 contacts the base 103 of the plunger 28, 
the initial high velocity jet of the fluid medicament 18 is 
expelled from the orifice 76, and the hole 98 is created 
in the skin area 16. Immediately afler the initial high ve- 
locity jet of the fluid medicament 1B has been expelled, 
the push rod 34 is in a fourth position, shown in Figure 
7, in which the end 56 of the push rod 34 is a fourth 
distance 108 from the face 50 of the guide 36. The ad- 
vancement of the end 56 of the push rod 34 from the 
third distance 104 to the fourth distance 108, during 
which the high velocity jet of fluid medicament 18 is ex- 
pelled, is referred to as the impulse stage, the first stage 
of the two-stage injection. It will be appreciated that the 
third position and the fourth position of the push rod 34 
are nearly identical, because the push rod 34 advances 
only very slightly while the impulse of fluid medicament 
18 is expelled from the orifice 76. 

After the initial impulse jet of fluid medicament 18 
has been expelled from the orifice 76, the perfusion 
spring 40 continues pushing the push rod 34, creating 
a second force on the fluid medicament 18. When the 
perfusion spring 40 alone pushes on the push rod 34, 
the acceleration of the push rod 34 is small in compari- 
son to the acceleration when the impulse spring 38 was 
also pushing on the push rod 34, due to the lower spring 
constant of the perfusion spring 40. It will be appreciated 
by the skilled artisan that other sources of motive force, 
such as a motor or solenoid, can be used instead of the 
perfusion spring 40 to continue the movement of the 
push rod 34. 

The push rod 34 rod is pushed by the perfusion 
spring 40 from Ihe lourth position shown in Figure 7, to 
a fifth position shown in Figure 8. The push rod 34 stops 
moving when the end 56 of the push rod 34 rests against 
a limiter 11 0, which prevents the push rod 34 from mov- 
ing any further. When the end 56 of the push rod 34 
reaches the limiter 110, the seal 30 of the plunger 28 
simultaneously reaches the aperture 64 of the chamber 
26, thereby completing the expellation of the fluid med- 
icament 18. When the push rod 34 is in the fifth position 
shown in Figure 8, the end 56 of the push rod 34 is a 
fifth distance 112 from the face 50 of the guide 36. The 



advancement of the end 56 of the push rod 34 from the 
fourth distance 108 to the fifth distance 11 2 S during 
which the fluid medicament 18 is slowly infused into the 
skin area 16 of the patient 12, is referred to as the per- 
5 fusion stage, the second stage of the two-stage injec- 
tion. Preferably, the perfusion stage lasts at least about 
two seconds (2 seconds). It will be appreciated that the 
duration ol the perfusion stage is a function of the quan- 
tity of fluid medicament 18 in the chamber 26, among 
io other factors. 

The two stages during which the fluid medicament 
18 is expelled from the orifice 76 of the injector 10 are 
illustrated in terms of force and time in Figure 9. Figure 
9 is a graph depicting the force with which the fluid med- 
is icament 1 8 is expelled from the orifice 76 on the y-axis, 
plotted against time on the x-axis. The injection process 
begins when the trigger arm 60 is pressed at time to 
shown in Figure 9. Figure 5 shows the injector 10 as the 
injector 1 0 is configured immediately prior to time \q. Be- 
20 tween Lime Iq and lime l 1 , the push rod 34 is accelerated 
by the impulse spring 38. Figure 6 shows the injector 10 
at time t v which is when the impulse spring 38 contacts 
the stop 100. After the impulse spring 38 contacts the 
stop 1 00, the push rod 34 travels across the coast zone 
2S distance 106, which is shown in Figures 6 and 7. After 
the push rod 34 travels across the coast zone distance 
106, the end 56 of the push rod 34 collides with the base 
103 of the plunger 28 at time t 2 , shown in Figure 9. 
Fluid medicament 1 8 begins to be expelled from the 
30 orifice 76 at time t 2 , which is the beginning of the impulse 
stage. The impulse stage continues until time t 3 , which 
is when substantially all of the momentum imparted to 
the push rod 34 by the impulse spring 38 has been trans- 
ferred to the plunger 28. As can be seen in Figure 9, due 
35 to the impulse of momentum imparted to the plunger 
during the impulse stage, the fluid 18 is expelled with a 
relatively large force during the relatively brief impulse 
stage. This force creates the hole 98 in the skin area 16 
of the patient 12, shown in Figure 7. 
40 The time t 3 marks the end of the impulse stage and 
the beginning of the perfusion stage, which lasts from 
time t 3 to time t 4 . During the perfusion stage the push 
rod 34 is pushed by the perfusion spring 40, causing the 
fluid 1 8 to be infused into the patient 1 2 through the hole 
45 98 in the skin area 16. The injector 10 is shown at the 
beginning of the perfusion stage at time t 3 in Figure 7, 
and at the end of the perfusion stage at time ^ in Figure 
8. In Figure 9 it can be seen that the perfusion stage has 
a much longer duration than the impulse stage, and that 
so the fluid 18 is expelled with much less force during the 
perfusion stage than during the impulse stage. 

As mentioned above, the impulse stage lasts less 
than about five millisoconds (.005 second), during which 
the fluid medicament 18 is rapidly expelled from the or- 
5S ifice 76. In contrast, during the perfusion stage, the fluid 
medicament 18 is gradually infused through the hole 98 
through the skin area 16 into the subcutaneous pocket 
96 of the patient 12. The perfusion stage typically lasts 
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from about two seconds (2 seconds) to about five sec- 
onds (5 seconds), depending on the volume of the med- 
icament 1 8, the pushing force of the perfusion spring 40, 
and the characteristics of the skin area 1 6, among other 
factors, it will be" appreciated by the skilled artisan that 
delivering the fluid medicament 18 slowly over several 
seconds simulates an ideal sub.cutaneous injection by 
a nurse trained to minimize pain. 

OPE RATI ON 

To administer an injection with the two-stage fluid 
medicament jet injector 1 0 of the present invention, first 
the drive mechanism 20 is cocked. The cocking is ac- 
complished by pushing the collar 46 of the push rod 34 
against the sliding guide ring 48, and the perfusion 
spring 40. This causes the springs 36, 40 to be com- 
pressed between the collar 46 and the face 50 of the 
guide 36. The latch 52 ol the trigger 42 is then latched 
on the catch 54 ol the push rod 34. The lalch 52 thereby 
holds the push rod 34 in II io lii st position with the springs 
38, 40 compressed. The fluid medicament 18 is then 
placed in the chamber 26 ol the syringe unit 14, prefer- 
ably by utilizing a single use vial adapter. Next, the sy- 
ringe unit 14 is engaged with the drive mechanism 20. 
The suction connector 88 is then connected to the vac- 
uum source 90 and to the suction port 86 in the jet in- 
jector 10. Fluid communication is thereby established 
between the vacuum source 90 and the suction com- 
partment 82. The orifice 76 of the syringe tip 74 (or in 
an alternative embodiment, the aperture 64 of the cham- 
ber 26). and the opening 84 to the suction compartment 
82, and are then pressed against the skin area 1 6 of the 
patient 12, thereby covering the opening 84 to the suc- 
tion compartment 82. Covering the opening 84 to. the 
suction compartment 82 with the skin area 16 of the pa- 
tient 12 causes a partial vacuum to be created in the 
suction compartment 82. The partial vacuum draws the 
skin area 16 into the suction compartment 82, thereby 
creating the subcutaneous pocket 96, and thereby also 
pulling the skin area 16 against the orifice 76 of the sy- 
ringe tip 74 (or in an alternative embodiment, against 
the aperture 64 of the chamber 26). The jet injector 10 
having been prepared for the injection and properly po- 
sitioned against the skin area 16 of the patient 12, the 
trigger arm 60 is then pushed toward the housing 32. 
This causes the push rod 34 to be released from the 
trigger 42, which results in the Nuid medicament IB be- 
ing expelled from the jet injector 10 and into the patent 
12 in the two-stage process. 

It will be appreciated that apparatus of the invention 
is useful in a method for injecting a fluid medicament 
through a skin area into a pationt, which comprises the 
steps of: 

providing a syringe unit, said syringe unit being 
formed with a chamber having an aperture, said 
chamber for containing the fluid; 



providing a drive mechanism for selectively exerting 
forces on the fluid in said chamber to sequentially 
expel the fluid through said aperture in two stages, 
said stages being an impulse stage characterized 
5 by a first force wherein the fluid punctures the skin 
area of the patient to create a hole through the skin 
area, and a perfusion stage characterized by a sec- 
ond force wherein the fluid is injected into the pa- 
tient through said hole, said second force being less 
than said first force; 
cocking said drive mechanism; 
placing the fluid in said chamber; 
engaging said syringe unit with said drive mecha- 
nism; 

1 $ positioning said aperture against the skin area of 
the patient; and 

activating said drive mechanism to cause the fluid 
to be expelled through said aperture in said two 
stages. 

20 

Preferably, said impulse stage has aduration of less 
than about .005 second, and said perfusion stage has 
a duration of at least about 2 seconds. 

Advantageously, said syringe unit further comprises 

25 a suction compartment having an opening surrounding 
said aperture, and wherein said suction compartment is 
formed with a suction port, and wherein the method fur- 
ther comprises the step of connecting a vacuum source 
in fluid communication with said port in said suction 

30 compartment, for creating a partial vacuum in said suc- 
tion compartment when said opening of said suction 
compartment is placed against the skin area of the pa- 
tient. 

Preferably, said positioning step includes position- 

3S ing said opening of said suction compartment against 
the skin area of the patient to cover said opening of said 
suction compartment, to pull the skin area against said 
aperture and to create a subcutaneous pocket. 

It will also be appreciated that the apparatus de- 

40 scribed herein can be employed for purposes other than 
administering injections. For example, the initial control- 
led pulse can be used to generate holes in the skin for 
allergen reaction testing. Another possible alternative 
use is using the initial controlled pulse to generate holes 

4 $ in the skin for tattooing, which would limit the risk of 
blood borne diseases and would be much less painful 
than traditional tattooing methods. 

While the particular two-stage fluid medicament jet 
injector, and the method for injecting a fluid medicament, 

so as herein shown and disclosed in detail are fully capable 
of obtaining the objects and providing the advantages 
herein before stated, it is to be understood that it is mere- 
ly illustrative of tho prosontly preferred embodiments of 
the invention and that no limitations are intended to the 

55 details of construction or design herein shown other 
than as described in the appended claims. 
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Claims 

1. An apparatus lor injecting a fluid medicament 
through a skin area into a patient, which comprises: 

h chamber tor containing the fluid medicament, 
said chamber having an aperture; and 
* cnvc mechanism for selectively exerting forc- 
es on the fluid in said chamber to sequentially 
expel the fluid through said aperture in two 
stages said stages being an impulse stage 
chrtractcrized by a first force on the fluid where- 
in fluid punctures the skin area of the patient to 
create a hole through the skin, and a perfusion 
st*gc characterized by a second force on the 
tluid wherein lluid is injected into the patient 
ih rough the hole, said second force being less 
thnn said lirst force. 

2. An apparatus as recited in claim 1 wherein said im- 
pure tstriyu hcib a duration of less than about .005 
second and wherein said perfusion stage has a du- 
ration of at least about 2 seconds. 

3. An apparatus as recited in claim 1 further compris- 
ing: 

an injection tube formed with a lumen and hav- 
ing a lirst end and a second end, said first end 
of said injection tube being attached to said 
chamber to extend said injection tube there- 
from with said lumen in fluid communication 
with said chamber through said aperture: and 
a skirl attached to said chamber and extending 
therefrom to surround said injection tube and 
establish a suction compartment therebe- 
tween, said skirt being distanced from said sec- 
ond end of said injection tube to establish an 
opening into said suction compartment. 

4. An apparatus as recited in claim 3 wherein said ap- 
paratus includes a syringe unit comprising said 
chamber, said injection tube and said skirt, and 
wherein said syringe unit lurther comprises a plung- 
er mounted on said chamberfor movement into said 
chamber to expel fluid therefrom. 

5. An apparatus as recited in claim 4 wherein said sy- 
ringe unit is formed with a suction port in fluid com- 
munication with said suction compartment, and said 
apparatus further comprises a vacuum source con- 
nectable in fluid communication with said suction 
port, to selectively create a partial vacuum in said 
suction compartment to draw skin from the skin ar- 
ea into said suction compartment through said 
opening upon connection of said vacuum source. 

6. An apparatus as recited in claim 3 wherein said sec- 



ond end of said injection tube is formed with an or- 
ifice, the cross sectional area of said orifice being 
less than the cross sectional area of said lumen, to 
increase the velocity of the fluid when the fluid is 
s expelled through the orifice. 

7. An apparatus as recited in claim 6 wherein said or- 
ifice is generally circular with a diameter of about . 
008 inches. 

10 

8. An apparatus as recited in claim 6 wherein said sec- 
ond end of said injection tube is formed with a sy- 
ringe tip around said orifice, said syringe tip being 
tapered to generally form a point around said orifice, 
to facilitate creating a seal between the skin area 
and said orifice. 

9. An apparatus as recited in claim 1 wherein said 
drive mechanism comprises: 

a housing; 

a push rod slidably disposed on said housing; 
an impulse spring disposed on said housing for 
accelerating said push rod; and 
a porf usion spring disposed on said housing for 
moving said push rod. 

10. An apparatus as recited in claim 9 wherein said im- 
pulse spring and said perfusion spring are mounted 
coaxialiy. 

11. An apparatus as recited in claim 4 wherein said 
drive mechanism comprises: 

a housing; 

a push rod slidably disposed on said housing; 
an impulse spring disposed on said housing for 
accelerating said push rod; and 
a perfusion spring disposed on said housing for 
moving said push rod, 

and wherein said syringe unit is engageable 
with said drive mechanism to position said push 
rod longitudinally co-linear with said plunger for 
said push rod to push said plunger to cause the 
fluid to be expelled from said aperture of said 
chamber. 

12. An apparatus as recited in claim 11 wherein said 
impulse stage has a beginning and wherein said 
push rod collides with said plunger at said beginning 
of said impulse stage, and wherein said push rod 
urges against said plunger during said perfusion 
stage. 

13. An apparatus as recited in claim 9 further compris- 
ing: 

a latch mounted on said housing for holding 
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said push rod with said impulse spring in a com- 
pressed configuration and with said perfusion 
spring in a compressed configuration; and 
a trigger mounted on said housing for releasing 
said push rod from said latch to allow said push s 
rod to be moved by said impulse spring and 
said perfusion spring. 

14. An apparatus for injecting a fluid medicament 
through a skin area into a patient, which comprises: io 

a chamber for containing the fluid, said cham- 
ber having an aperture; 

a plunger mounted on said chamber for move- 
ment into said chamber to expel the fluid is 
through said aperture; 

actuator means for exerting forces on said 
plunger to expel the fluid from said chamber 
through said aperture and to sequentially punc- 
lure the skin area of the patient to create a hole 20 
therethrough and to cause the fluid to infuse in- 
to the patient through the hole; 
a suction compartment attached to said cham- 
ber, said suction compartment having an open- 
ing surrounding said aperture, said suction 2s 
compartment having a suction port; and 
a vacuum source attachable in fluid communi- 
cation with said suction port for establishing a 
partial vacuum in said suction compartment, to 
pull the skin area against said aperture. 30 

15. An apparatus as recited in claim 14 wherein said 
actuator means is a drive mechanism comprising: 

a housing; 35 
a push rod slidably disposed on said housing: 
an impu Ise spring disposed on said housing for 
accelerating said push rod, said accelerated 
push rod colliding with said plunger and push- 
ing said plunger with a first force to expel the 40 
fluid from said chamber through said aperture 
to create said hole through the skin area; and 
a perfusion spring disposed on said housing for 
pushing said plunger with a second force, said 
second force causing the fluid to be expelled 45 
from said chamber through said aperture to in- 
fuse into the patient through said hole in the 
skin area. 

16. An apparatus as recited in claim 15 wherein said so 
first force is greater than said second force, and 
wherein the duration of said first force is less than 
about .005 second, and whoroin the duration of said 
second force is at least about 2 seconds. 
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(54) Two-stage fluid medicament jet injector 

(57) A jet injector, and a method, for injecting fluid 
medicament into a patient in a two-stage process. Dur- 
ing the first stage fluid is expelled from the injector under 
relatively high pressure, to create a hole through the skin 
of the patient. During the second stage, fluid is infused 
through the hole into the patient at a much lower pres- 
sure, and for a much longer period of time. The jet in- 
jector includes a syringe unit, and a drive mechanism 
which is selectively connectable with the syringe unit. 
Specifically, the drive mechanism includes two springs 
which are positioned to urge against a push rod as they 
elongate. When the drive mechanism is engaged with 
the syringe unit, the push rod is positioned longitudinally 
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co-linear with a plunger in the chamber. When the 
springs are released, they push the push rod which, in 
turn, pushes the plunger, causing the fluid to be expelled 
through an injectiontube connected to the chamber. The 
syringe unit also includes a suction compartment for 
pulling the skin against a syringe tip at the end of the 
injection tube. To prepare the injector, the chamber of 
the syringe unit is filled with a fluid medicament, the drive 
mechanism is cocked, and the syringe unit is engaged 
with the drive mechanism. A vacuum source is then con- 
nected in fluid communication with the suction compart- 
ment. The syringe tip and the opening to the suction 
compartment are then pressed against the skin, and the 
injector is activated. 
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